Background: Several studies suggest that local warming therapy (LWT) may help to treat chronic wounds, such as pressure ulcers, venous ulcers, arterial ulcers, and diabetic foot ulcers. However, evidence supporting the efficacy of this treatment is still incomplete. This study aimed to assess the effects of LWT in treating chronic wounds. Data (1980 to March 20, 2017. We did not apply date or language restrictions. Published or unpublished randomized controlled trials (RCTs) analyzing the effects of LWT in the treatment of chronic wounds (pressure ulcers, venous ulcers, arterial ulcers, and diabetic foot ulcers) were screened and selected. Two review authors independently conducted study selection, we planned that 2 review authors would also assess risk of bias and extract study data.
Introduction

Description of the condition
A chronic wound can be described as any interruption in the continuity of the body's surface that does not pass through an orderly and timely repair process. Common types of chronic wounds include venous leg ulcers, arterial leg ulcers, diabetic foot ulcers, and pressure ulcers. [1, 2] Orderly healing follows a sequence of metabolic activities: inflammation, collagen and fibroblast deposition (scar tissue formation), angiogenesis (new blood vessel formation), wound contraction, and scar remodeling. The duration of a normal healing process depends on many factors, but is formally defined as "healing within a timeframe that could reasonably be expected with conventional treatment." [3] Chronic wounds are more commonly encountered in the elderly and those with multiple health problems. [4, 5] 1.2. Wound types 1.2.1. Pressure ulcers. Pressure ulcers, also known as bedsores or pressure sores, are regions of localized damage to the skin sometimes involving deeper tissue layers such as muscle, tendon, and bone. [6] [7] [8] They are caused by unrelieved pressure, or pressure in combination with shear, usually over bony prominences (sacrum [tailbone] , back, buttocks, heels, back of the head, and elbows). [9, 10] Pressure ulcer prevalence and incidence figures differ according to the method used to collect data and the classification used. A review of the international literature suggested that prevalence in the UK ranged from 4.4% in community settings to 37% in a palliative care setting. [11] The UK incidence of pressure ulcers ranged from 2.2 per 100 new admissions per year in a hospital setting to 66% over 18 months for hospitalized older patients with hip fractures. [11] In the USA and Canada, prevalence ranged from 4.7% for hospitalized patients to 33% for community-based spinal cord injured patients. [11] The USA/Canada incidence rates ranged from 0% for community settings over a 6-month period to 65.6% over 5 years for patients with spinal injuries. [11] Pressure ulcers are generally categorized according to grades numbered from 1 to 4, according to the European Pressure Ulcer Advisory Panel and National Pressure Ulcer Advisory Panel. [12] 1.2.2. Venous leg ulcers. Venous leg ulcers are thought to occur as a result of improper functioning of venous valves. Venous leg valves consist of 2 flaps that converge in order to keep the blood moving in one direction, that is, towards the heart. Damaging to valves results in venous reflux causing high venous pressure. The prevalence of venous leg ulcers has been reported between 1.5 and 3 per 1000 population, and 1% to 2% of people will suffer from a venous ulcer at least once in their life. [13, 14] It has been estimated that Western healthcare systems spend around 1% to 2% of their budget on treatment, intensive nursing, and in some cases prolonged care, for people with venous ulcers. [15] [16] [17] [18] In the United States, the cost of treatment for venous ulcers for approximately 6 million patients approaches USD 2.5 billion (GBP 1.6 billion; EUR 1.8 billion), and 2 million work days are lost annually due to venous ulcer disease. [19] 1.2.3. Arterial leg ulcers. Arterial ulcers, also referred to as ischaemic ulcers, result from an inadequate arterial blood supply. The wounds are typically very painful, especially at night. The ulcers are characterized by well-defined, even wound margins that give the wound a "punched-out" look. Risk factors for the development of arterial ulcers include age, smoking, peripheral vascular disease, diabetes mellitus, hypertension, dyslipidaemia, family history, obesity, and a sedentary lifestyle. [20] Noninvasive diagnostic options for arterial assessment include manual palpation of pulses, ankle brachial pressure index, and Doppler examination. [21, 22] Several measures are used to help distinguish between venous and arterial ulcers. Venous ulcers usually occur between the knee and the ankle, while arterial ulcers usually occur below the ankle. However, "mixed etiology" (mixed cause) ulceration can occur above the ankle. Arterial ulcers are more painful than venous ulcers when lying down. Venous leg ulcers are frequently described as "throbbing,"' "burning," and "itchy," while arterial ulcer pain tends to be described as "sharp" and "hurting." [23] An ABPI between 0.5 and 0.8 suggests that ulcers may be caused by a mixture of venous and arterial disease. An ABPI value of <0.5 indicates arterial ulcers, while an ABPI >0.8 usually indicates that ulcers are venous in etiology. [24] 1.2.4. Diabetic foot ulcers. Diabetic foot ulcers are a major health risk for people with diabetes mellitus, and can result in limb loss and mortality. Since 1996 the number of people diagnosed with diabetes has increased from 1.4 million to 2.9 million in the UK. [25] By 2025 it is estimated that 5 million people will have diabetes. [25] Global projections suggest that the worldwide prevalence of diabetes is expected to rise to 4.4% by 2030, meaning that approximately 366 million people will be affected. [26] About 25% of diabetic patients are at risk of developing a foot ulcer, [27] and 7% of them might be at risk of amputation in the next 10 years. [28] The Wagner wound classification system is well established and widely used for grading diabetic foot ulcers. [29] However, newer grading systems, such as the University of Texas Wound Classification System, [30] PEDIS system (perfusion, extent/size, depth/tissue loss, infection, and sensation), [31] and SINBAD system (site, ischemia, neuropathy, bacterial infection, and depth score) are also used. [32] 1.3. Description of the intervention Local warming therapy (LWT) has been used for treatment of chronic wounds for about 1260 years in China, according to the China Association of Traditional Chinese Medicine, [33] and for about 30 years in the USA. [34] Different types of LWT are available for wound management. These include non-contact wound warming units, wound dressings with a removable heating element and moxibustion.
Non-contact wound warming units are designed to apply radiant heat to a wound. The objective is to raise the wound temperature in order to increase blood flow and transport of oxygen to the local area. However, practitioners need to be very careful to control the level of heat so that the patient's skin is not burned. [34] Certain technological advances have resulted in a specifically designed wound dressing with a removable heating element capable of delivering radiant heat emitted at 38°C to affect local wound warming at a controlled temperature. [35] Moxibustion is a traditional Chinese therapeutic method that uses the heat generated by burning moxa sticks (usually made from herbal preparations containing Artemisia vulgaris [mugwort]) near an acupoint (location on the body used in acupuncture and other traditional Chinese therapies) to create local warming. [36] [37] [38] The purpose of moxibustion, as with most forms of traditional Chinese medicine, is to strengthen the blood, stimulate the flow of "qi" (the natural energy, improve circulation [39] ), and maintain general health. In addition, it is typically an inexpensive therapy that can be self-administered at home after brief instruction. [36] Chronic wound care has made great progress in the last few decades through the standardization seen mirrored in many medical fields. Standard wound care promotes wound healing, helps lower morbidity, improves quality of life, [40] and is often used as comparator in clinical studies. [41] The components of standard wound care include [42] application of dressings to maintain a moist wound environment, debridement of necrotic tissue, if present, cleansing of the wound initially, and at each dressing change, using a neutral, nonirritating, and nontoxic solution, evaluation of, and provision for, adequate nutritional status, and documentation of evaluation, care, and wound measurements by a licensed medical professional.
How the intervention might work
Chronic wounds under standard care are often hypoxic (i.e., have inadequate oxygen supply). [43] The usual surface temperature of ulcers is about 33°C. [44] This temperature limits the movement and growth of tissue. [45, 46] Increasing the temperature of chronic wounds to 38°C may help to induce healing by increasing blood flow and improving the availability of oxygen. [34, 47] LWT may also decrease incidence of wound infection, [48] and may eradicate established methicillin-resistant Staphylococcus aureus (MRSA) infection in pressure sores. [49] Yue et al. Medicine (2018) 97:12 Medicine
Why it is important to do this review
Although the application of warmth to wounds is a commonlyused ancient practice, there is uncertainty about its effects. [50] The evidence for the efficacy and safety of LWT use for treating chronic wounds has not previously been summarized.
Objectives
This study aimed to assess the effects of LWT in treating chronic wounds.
Methods
This study is a systematic review, and does not involve individual data. Thus, it does not need approval of ethics committee. It was performed based on the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement guidelines, and previous published protocol in Cochrane library. [51] 2.1. Criteria for considering studies for this review 2.1.1. Types of studies. Randomized controlled trials (RCTs) published or unpublished, in any language, would have been included.
Types of participants.
We planned to include studies that recruited people with chronic wound(s) (pressure ulcers, venous leg ulcers, arterial ulcers, and diabetic foot ulcers). As the method of diagnosis of different types of chronic wounds may vary, we would have accepted definitions as used in the RCTs.
Types of interventions.
Trials comparing the effects of LWT (via moxibustion, radiant heat dressing, and other local warming interventions) with standard wound care or other wound-healing interventions would have been included. Trials that compare different types of LWT would also have been considered for inclusion.
Types of outcome measures.
Primary outcomes included time to healing assessed using appropriate survival analysis (i.e., based on censored data), proportion of people with diabetic foot ulcers undergoing amputation of the lower limb at any level, including single toes, and proportion of wounds with complete healing.
Secondary outcomes consisted of change in wound size, with change expressed as absolute change (e.g., surface area change in cm 2 since baseline) or relative change (e.g., percentage change in area relative to baseline); healing rate per day, week, or other unit of time; quality of life measured by a validated scale, either generic (such as EQ-5D, SF-36, SF-12, or SF-6) or disease-specific; treatment costs (as reported by the trial author); recurrence rate (as reported by the trial author); pain from wound (measured using survey/questionnaire/ data capture process or visual analogue scale); adverse events (e.g., infection).
RCTs that evaluated any of these outcomes would have been included, irrespective of the scale(s) used for assessment. If possible, outcomes would have been evaluated at 1 week, 1 month, and up to 3 months after treatment had finished.
Search methods for identification of studies
Details of the search strategy for this review are available as follows: This source indexes material that may be unavailable from other electronic databases. Relevant manufacturers of local warming devices were contacted to request details about any ongoing studies.
Data collection and analysis
Data collection and analysis would have been carried out according to methods outlined in the published protocol. [51] 
Selection of studies
Two review authors (JHY and QHZ) independently screened the title and abstract of each potentially relevant study identified from the electronic searches. We used pre-determined eligibility criteria to identify the potentially relevant trials for which full reports should be retrieved. Disagreements among authors were resolved by discussion with a third review author (ZRS) when necessary. This process of screening was repeated for the full texts retrieved which resulted in a decision on studies eligible for inclusion in the review. As there were no studies that met the described criteria, there were no studies to include in our assessment. The PRISMA flowchart was used to select the studies [52] (Fig. 1) .
Data extraction and management
Independently, two review authors (QHZ and JHY) extracted data using a data extraction sheet.
Yue com We intended to extract the following data: authors; year of publication; country of origin; trial setting; type of wound; inclusion criteria for participants; baseline characteristics of participants; number of participants randomized to each trial arm; details of the intervention (treatment and comparator); setting of treatment; duration of treatment; duration of followup; outcome data for primary and secondary outcomes; number of participants completing; number of withdrawals; reasons for participant withdrawal; statistical methods used in the analysis; and adverse events.
Assessment of risk of bias in included studies
For this review, two review authors would have independently assessed each included study using the Cochrane tool for assessing risk of bias. [53] This tool addresses the following domains: sequence generation, allocation concealment, blinding of participants, blinding of outcome assessors, incomplete outcome data, selective outcome reporting, and other sources of bias, which for this review may have included baseline imbalance. In addition, blinding was assessed separately for participants, care providers, and outcome assessors. Where possible, we intended to seek trial protocols in order to determine whether all prespecified outcomes were reported adequately. If trial protocols were unavailable, we would have made a judgment based on the inclusion or exclusion of all expected outcomes, with reference to those described in the methods sections of RCT reports. We would have completed a risk of bias table for each eligible study. We discussed any disagreement amongst all review authors to achieve a consensus.
We would have presented assessment of risk of bias using a "risk of bias summary figure," which presents all of the judgments in a cross-tabulation of study by entry. This display of internal validity should indicate the weight a reader gave the results of each study. However, as no studies met the inclusion criteria, we could not conduct the evaluation of risk of bias.
2.7.
Measures of treatment effect 2.7.1. Dichotomous data. For dichotomous data (e.g., wounds healed, amputations, ulcer recurrence, adverse events), we planned to calculate the risk ratio (RR) with 95% confidence interval (CI).
Continuous data.
For continuous outcomes (e.g., change in wound size, quality of life), we extracted the mean difference with 95% CI.
Time to event data.
For time to event data (time to complete wound healing), we planned to plot (and, if appropriate, pool) estimates of hazard ratios and 95% CIs as presented in the RCT reports using the generic inverse variance method in RevMan 5.3 (The Cochrane Collaboration, London, United Kingdom). We would have considered mean or median time to healing without survival analysis as a valid outcome only if reports specified that all wounds healed (i.e., if the trial authors regarded time to healing as a continuous measure with no censoring of survival metrics).
Unit of analysis issues
Healing of multiple wounds on the same patient cannot be considered as independent events. We intended to note whether RCT reported specified participants, limbs, or ulcers as the units of allocation and analysis. When multiple limbs or ulcers on the same individual were studied, we would have noted whether the analysis was appropriate (i.e., correctly taking account of highly correlated data) or inappropriate (i.e., considering outcomes for multiple ulcers on the same participant as independent). Where the number of wounds appeared to equal the number of participants, we would have assumed that the participant was the unit of analysis, unless otherwise stated. Wherever possible, measures of effect would have been based on the individual patient (as opposed to wound or limbs).
Dealing with missing data
Outcome data may be "missing at random" or "not missing at random," [54] but in practice it is often difficult to categorize missing data in this way with any certainty. If outcome data had been missing from reports, we would have made attempts to contact the study authors to obtain missing information. If this was not successful, we would have employed the following strategy. Where RCTs reported dichotomous complete healing outcomes for only those participants completing the RCT (i.e., participants withdrawing and lost to follow up are excluded from the analysis), we would have regarded the participants not included in the analysis as if their wound did not heal (i.e., they would have been included in the denominator but not the numerator for healing outcomes). Where results were reported for participants who completed the RCT without specifying the numbers that were randomized per group initially, we would have presented only complete case data. For other outcomes, we
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(meta-analysis) (n =0) Figure 1 . Flow diagram of the trial selection process.
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Assessment of heterogeneity
We would have considered both clinical and statistical heterogeneity. Consideration of clinical heterogeneity would have involved assessment of the degree of similarity between trials in terms of the clinical status of participants (e.g., wound type), intervention type, duration of intervention and type of outcome. We intended to investigate statistical heterogeneity using the Chi-squared test. We would have interpreted a Chi-squared test resulting in a P value of equal to or less than 0.10 as being indicative of significant statistical heterogeneity. We intended to measure the quantity of heterogeneity using the I-squared statistic. [55] Thresholds for the interpretation of the I-squared statistic can be misleading. A rough guide to interpretation is as follows: 0% to 30%: may represent low heterogeneity; 31% to 59%: may represent moderate heterogeneity; 60% to 100%: considerable heterogeneity.
When interpreting the I-squared statistic, we would have taken factors such as clinical and methodological heterogeneity, along with whether the heterogeneity was in the magnitude of effect or in the direction of effect, into account, particularly where confidence intervals overlapped.
Where appropriate, we would have pooled data using RevMan 5. [56] Where there were low levels or lack of heterogeneity, we intended to use a fixed effects model. Where there was moderate heterogeneity we intended to use a random effects model. Where clinical heterogeneity was evident, or where statistical heterogeneity was substantial, we would have presented the results in narrative form rather than pooling. In this review, no studies were included, thus, no substantial heterogeneity was found.
Assessment of reporting biases
In order to assess the likely presence of publication bias, funnel plots would have been constructed if at least 10 studies were available for meta-analysis of a primary outcome.
Data synthesis
We planned to combine studies using a narrative overview combined with meta-analysis of outcome data where appropriate using Review Manager Software. [56] The decision to include studies in a metaanalysis would have depended on the availability of treatment effect data and assessment of heterogeneity. Where feasible (i.e., where data were available, and where studies were similar enough) data would have been pooled. We intended to present the summary estimate as a risk ratio (RR) with 95% CI for dichotomous outcomes and difference between means with 95% CI for continuous outcomes. Where a group of RCTs had assessed the same concept with a continuous outcome but used different scales (e.g., quality of life), we would have considered using standardized mean difference (SMD) as the summary measure of effect. For time to event data, we intended to plot and pool available hazard ratio estimations using the generic inverse variance method in RevMan. [56] 
'Summary of findings' tables
We intended to present the main results of the review in 'Summary of findings' tables. These tables present key information concerning the quality of the evidence, the magnitude of the effects of the interventions examined, and the sum of the available data for the main outcomes. [57] The 'Summary of findings' tables also include an overall grading of the evidence related to each of the main outcomes using the GRADE approach. The GRADE approach defines the quality of a body of evidence as the extent to which one can be confident that an estimate of effect or association is close to the true quantity of specific interest. The quality of a body of evidence involves consideration of withintrial risk of bias (methodological quality), directness of evidence, heterogeneity, precision of effect estimates and risk of publication bias. [58] We would have presented the following outcomes in the 'Summary of findings' tables: time to healing assessed using appropriate survival analysis (i.e., based on censored data); proportion of people with diabetic foot ulcers undergoing amputation of the lower limb at any level, including single toes; and proportion of wounds with complete healing.
Subgroup analysis and investigation of heterogeneity
We would have carried out the following analyses, according to subgroup, to investigate for possible sources of heterogeneity: type of wounds; or type of interventions (e.g., moxibustion versus control intervention; wound warming unit versus control intervention).
Sensitivity analysis
If a sufficient number of trials had been found, sensitivity analyses would have been conducted to assess the robustness of the treatment effect as follows: removing studies with inadequate concealment of allocation; or removing studies in which outcome evaluation was not blinded.
Results
Description of studies
No RCTs met the inclusion criteria. One trial of LWT compared to an herbal powder mentioned that a random number table was used, but no other information regarding the randomization process was provided, thus the study was not included. [59] 
Results of the search
The search, which included Chinese databases in addition to other International databases, resulted in 139 records that underwent further screening. Of these, 137 studies were from electronic databases, and two were from other sources. 133 studies were excluded from the title and abstract selection. Only 3 studies were considered potentially relevant after first screening and were retrieved in full text (Fig. 1) . Finally, all 3 studies were excluded, and thus no trials were included. In this study, two review authors (JHY and QHZ) independently screened the title and abstract of each potentially relevant study against the inclusion criteria. Any disagreements were resolved by a third review author (ZRS).
Included studies
No studies (RCTs) were included in this review.
Excluded studies
Three studies did not meet the inclusion criteria and were excluded. One study was not an RCT. [60] Another study used a number of other cointerventions along with moxibustion, assessing only the effects of the combination therapy, but not those of moxibustion alone. [61] Although the third study mentioned the use of a random number table, we did not find any other information indicating that randomization was performed, and thus the study was excluded. [59] 
Risk of bias in included studies
No studies met the inclusion criteria so we could not conduct a risk of bias assessment.
Effects of interventions
Neither a meta-analysis nor a narrative synthesis of studies was undertaken because no studies met the inclusion criteria.
Discussion
Summary of main results
This review highlights the lack of robust evidence for the use of LWT in the treatment of chronic wounds. We found no RCTs comparing the effects of LWT (via moxibustion, radiant heat dressing, and other local warming interventions) with standard wound care or other wound-healing interventions amongst people with chronic wound(s) (pressure ulcers, venous leg ulcers, arterial ulcers, and diabetic foot ulcers). We found 3 related trials in this review. However, all 3 studies failed to meet our inclusion criteria. [59] [60] [61] One study was not an RCT, [60] another applied cointerventions [61] and the last provided no evidence of randomization. [59] 4.2. Overall completeness and applicability of evidence Currently there are no studies which meet the inclusion criteria for this review to assess the effects of LWT for treating chronic wounds. It is important to have information regarding this potential treatment because LWT is an intervention that is widely used for treatment of chronic wounds. [59] [60] [61] Accordingly, a valuable opportunity exists to trial LWT against standard wound care or other wound-healing interventions in a randomized control study to investigate whether LWT is effective in the treatment of chronic wounds.
Agreements and disagreements with other studies or reviews
No other reviews have presented data on LWT for treating chronic wounds. The results of our study did not find any eligible RCTs to provide analysis regarding either effectiveness or potential harms.
Implications for practice
Currently, there is no evidence that meets criteria for the use of LWT for treating chronic wounds. Thus, no definitive conclusions regarding using LWT for treating chronic wounds can be drawn from this review. As LWT therapy is commonly utilized for the management of chronic wounds in a clinical setting in many countries, the lack of adequate appropriately randomized controlled studies to document its efficacy, as well as to explore possible limitations, is concerning and must be addressed.
Implications for research
This systematic review has highlighted the need for high quality studies regarding LWT and its effects on chronic wounds. We offer the following recommendations for future studies in this area:
Strictly designed RCTs with sound methodology are needed for future research into the effects of LWT. These trials should have clear inclusion and exclusion criteria, strict methodology in randomization, allocation concealment, blinding of practitioner, participants, outcome assessors, and data analyst, adequate sample size, intention-to-treat analysis, and baseline comparability of groups. Furthermore, the results of these trials should be reported according to the guidelines set out in the CONsolidated Standards of Reporting Trials. (CONSORT) statement. These trials should evaluate quality of life of the participants, as well as adverse events. An economic cost analysis should also be performed to financially justify the potential benefits of LWT.
Conclusions
This systematic review did not include eligible studies on the local warming therapy for treating chronic wounds. More high quality trails are urgently needed to focus on this issue.
